In this work, we use pQCD approach to calculate 20 B (s) → D * s0 (2317)P (V ) two body decays by assuming D * s0 (2317) as acs scalar meson, where P (V ) denotes a pseudoscalar (vector) meson. These B (s) decays can serve as an ideal platform to probe the valuable information on the inner structure of the charmed-strange meson D * s0 (2317), and to explore the dynamics of strong interactions and signals of new physics. These considered decays can be divided into two types: the CKM favored decays and the CKM suppressed decays. 
I. INTRODUCTION
The charmed-strange meson D * s0 (2317) was first observed by BABAR Collaboration in the inclusive D + s π 0 invariant mass distribution [1, 2] , then confirmed by CLEO [3] and Belle Collaboration [4] , respectively. Usually, the D * s0 (2317) meson is suggested as a P-wavecs state with spin-parity J P = 0 + . However, there exit two divergences between the data and the theoretical predictions: First, the measured mass for this meson is at least 150MeV /c 2 lower than the theoretical calculations from a potential model [5, 6] , lattice QCD [7] and so on. For example, the authors [8] obtained M(D * s0 (2317)) = (2480 ± 30)MeV by using the standard Borel-transformed QCD sum rule which was higher than the BABAR result by about 160 MeV. While, Narsion [9] used the QCD spectral sum rules to get M(D * s0 (2317)) = (2297 ± 113) MeV and reached the conclusion that D s (2317) is acs state. Second, the absolute branching ratio of decay D * s0 (2317)
± → D ± π 0 measured by BESIII Collaboration [10] showed that D * s0 (2317) − tends to have a significantly larger branching ratio to π 0 D * − s than to γD * − s , which differs from the expectation of the conventionalcs hypothesis. These puzzles inspired various exotic explanations to its inner structure, such as DK molecule state [11] [12] [13] [14] [15] , a tetraquark state [16] [17] [18] [19] , or a mixture of acs state and a tetraquark state [20] [21] [22] . In order to further reveal the internal structure of D * s0 (2317), we intend to study the weak production of this charmed-strange meson through the B (s) decays, which can serve as an ideal platform to probe the valuable informations on the inner structure of the exotic scalar mesons [23] [24] [25] [26] [27] . In the conventional two quark picture the branching ratios of the decays B (s) → D * s0 (2317)P (V ), where P (V ) denotes the light pseudoscalar (vector) meson, are expected to be of the same order of magnitude as those of B (s) → D s P (V ) decays, since the D * s0 (2317) meson decay constant should be close to that of the pseudoscalar meson D s as required by the chiral symmetry. On the contrary, in the unconventional picture the corresponding decay amplitudes involve additional hard scattering with the participation of four valence quarks. Then the branching ratios are at least suppressed by the coupling constant and by inverse powers of heavy meson masses, such that they are much smaller than those of B (s) → D s P (V ) decays by one order. So it is meaningful to study the branching ratios of the decays B (s) → D * s0 (2317)P (V ) both in experiment and theory. B (s) two body nonleptonic decays with D * s0 (2317) meson involved in the final states have been studied in the light cone sum rules (LCSR) approach [28] , the relativistic quark model (RQM) [29] , and the nonrelativistic quark model (NRQM) [30] . Here we would like to use pQCD approach to study B (s) → D * s0 (2317)P (V ) decays. Studying these decays may shed light on the nature of the D * s0 (2317) meson, explore the dynamics of strong interactions. Further more, the study of these weak decays is important for further improvement in the determination of the Cabibbo-Kobayshi-Maskawa (CKM) matrix elements, for testing the prediction of the Standard Model and searching for possible deviations from theoretical predictions, the so-called "new physics" signals.
The layout of this paper is as follows, we analyze the decay B (s) → D * s0 (2317)P (V ) using the perturbative QCD approach in Section II. The numerical results and discussions are given in Section III, where the theoretical uncertainties are also considered. The conclusions are presented in the final part.
II. THE PERTURBATIVE CALCULATIONS
In the pQCD approach, the only non-perturbative inputs are the light cone distribution amplitudes (LCDAs) and the meson decay constants. For the wave function of the heavy B (s) meson, we take
Here only the contribution of Lorentz structure φ B (s) (x, b) is taken into account, since the contribution of the second Lorentz structureφ B (s) is numerically small [31] and has been neglected. For the distribution amplitude φ B (s) (x, b) in Eq. (1), we adopt the following model:
where ω b is a free parameter, we take ω b = 0.4 ± 0.04(0.5 ± 0.05) GeV for B(B s ) meson in numerical calculations, and N B = 101.445(N Bs = 63.671) is the normalization factor for ω b = 0.4(0.5). These parameters has been fixed using the rich experimental data on the B (s) decay channels. In this model the significant feature is the intrinsic transverse momentum dependence, which is essential for the B (s) meson. It can It can provide additional suppression in the large b region, where the soft dynamics dominates and Sudakov suppression is weaker. Considering a small SU(3) breaking, the s quark momentum fraction is a litter larger than that of the u(d) quark in the lighter B meson, because of the heavier mass for the s quark. From the shape of the distribution amplitude shown in Ref. [32] , it is easy to see that the larger ω b gives a larger momentum fraction to the s quark. The wave functions of the scalar meson D * s0 1 , we use the form defined in Ref. [33] D * s0 (2317)
It is noticed that the distribution amplitudes which associate with the nonlocal operators
∼ m c , we can get these two distribution amplitudes are very similar. For the leading power calculation, it is reasonable to parameterize them in the same form as
in the heavy quark limit. Heref D * s0 = 225 ± 25 MeV is determined from the two-point QCD sum rules, and the shape parameter a = −0.21 [28] is fixed under the condition that the distribution amplitude φ D * Since the light cone distribution amplitudes of the pseudoscalar mesons π, K, η (′) and the vector mesons ρ, K * , ω have been well constrained in the papers [34] [35] [36] [37] [38] [39] [40] , and been tested systematically in the work [32] , we will use these LCDAs directly listed in that paper [32] , together with the corresponding decay constants.
For these processes considered, the weak effective Hamiltonian H ef f can be written as two types:
where the tree operators are given as:
for the CKM favored channels, while the effective Hamiltonian for the CKM suppressed decays is written as:
with
Here D represents d(s) quark. The type I channel is induced by b → c transition, such asB
. For the CKM favored decays, we take the decayB 
where P denotes a pseudoscalar meson,
/M B , r c = m c /M B and f P is the decay constant of the pseudoscalar meson. The evolution factors evolving the scale t and the hard functions for the hard part of the amplitudes are listed as:
with the variables
The hard scales t and the expression of Sudakov factor in each amplitude can be found in Appendix. As we know that the double logarithms α s ln 2 x produced by the radiative corrections are not small expansion parameters when the end point region is important, in order to improve the perturbative expansion, the threshold resummation of these logarithms to all order is needed, which leads to a quark jet function
with c = 0.5. It is effective to smear the end point singularity with a momentum fraction x → 0. This factor will also appear in the factorizable annihilation amplitudes. As to the amplitudes for the second line Feynman diagrams can be obtained by the Feynman rules and are given as:
Here
ann ) are the (non)factorizable annihilation type amplitudes, where the evolution factors E evolving the scale t and the hard functions of the hard part of factorization amplitudes are listed as:
where the definition of L 2 j are written as:
The functions H Similarly, we can also give the amplitudes for the CKM suppressed decay channels,
where these two amplitudes are factorizable and nonfactorizable emission contributions, respectively. The amplitudes
are the color allowed amplitudes, while
B→P are the color suppressed ones. The annihilation type amplitudes are listed as:
The definitions for the evolution factors, the hard functions and the jet function S t (x) in Eqs.(27)∼(30) can be found in Eqs. (9), (10) and Eqs. (19) , (20) with the different parameters in the hard function h c,d
en , h e,f an , which are listed as:
For the decays B (s) → D * s0 V , their amplitudes can be obtained from the ones of decays B (s) → D * s0 P with following substitutions:
Combining these amplitudes, one can ease to write out the total decay amplitude of each considered channel:
where
(uū + dd) and η ss . The physical states η and η ′ can be related to these two flavor states η nn and η ss through the following mixing mechanism:
with the mixing angle φ = 39. 
III. THE NUMERICAL RESULTS AND DISCUSSIONS
We use the following input parameters in the numerical calculations [28, 42] : 
where A is the total decay amplitude of each considered decay, which has been listed in Eqs. (37)-(45). The branching ratios for the CKM favored (Type I) decays are given in Table I , where one can find that our predictions are consistent well with those calculated in the light cone sum rules approach within errors. While our predictions are smaller than the results given by the relativistic quark model (RQM) [29] and the nonrelativistic quark model (NRQM) [30] , respectively. Especially, for the pure annihilation decayB 0 s → D * + s0 K * − , whose branching fraction reaches up to 10 −3 predicted by NRQM approach, it seems too large to be acceptable.
The Belle Collaboration has measured the product of the branching fractions
2 , which is given as (5.3
−5 [43] . After rescaling the branching ratio of the decay [42] . Then the Belle Collaboration improved the measurement for the decayB 0 → D * s0 (2317) + K − and renewed the branching ratio as (3.3±0.6±0.7)×10 −5 [44] , where the authors concluded that the branching ratio for this pure annihilation decay is of the same order of magnitude as
, which is measured as (2.7 ± 0.5) × 10 −5 [42] . Although the decay −0.14 ± 0.14 [10] .
B 0 → D * s0 (2317) + K − has not been measured accurately by experiment, we believe that our prediction is reasonable.
It is helpful to define the following ratios based on the factorization assumption:
which are consistent with the results given by our predictions.
In the following, we list the branching ratios for the CKM suppressed decays B (s) → D * s0 (2317)P as following
+2.60+0.29+0.45
+2.93+0.45+0.43
+1.59+0.23+0.25
+2.17+0.41+0.44
+1.50+0.33+0.27
+0.56+0.33+0.39
where the first uncertainty comes from the w b = 0.4 ± 0.04(0.5 ± 0.05) for B(B s ) meson, the second error is from the hard scale-dependent uncertainty, which we vary from 0.75t to 1.25t, and the third one is from the CKM matrix elements. For these CKM suppressed decays, the factorizable emission diagrams (where D * s0 (2317) − meson is emitted from the weak vertex) are the color favored ones with the Wilson coefficients a 1 = C 2 + C 1 /3, while the nonfactorizable emission diagrams are highly suppressed by the Wilson coefficient C 1 /3. This means that the dominant amplitudes are nearly proportional to the product of D * s0 (2317) meson decay constant and a B to light meson form factor. Unfortunately, the decay constant of the scalar meson for vector current is small, which is defined as 0|sγ µ c|D * 
where the errors are the same as ones given in Eqs.(54)-(60). The pure annihilation decays have the smallest branching ratios both for the CKM allowed and the CKM suppressed ones. In Table II , we list the contributions from the nonfactorizable annihilation amplitudes (NFAA) and the factorizable annihilation amplitudes (FAA), where the Wilson coefficients have been included. One can find that the nonfactorizable contributions are more important than the factorizable ones. Even the FAA with the large Wilson Coefficient (a 1 = C 2 + C 1 /3) also has smaller value because of the destructive interference between the pair of factorizable annihilation Feynman diagrams in each channel, such as Fig.1(g) and Fig.1(h) . For example, in the decay B − → D * − s0 K 0 both of the two factorization annihilation amplitudes have large imaginary parts in magnitude but with opposite signs: One is 3.71 × 10 −5 , the other is −4.28 × 10 −5 , so the imaginary part of the total FAA becomes −5.7 × 10 −6 given in Table II .
IV. CONCLUSION
In summary, we investigate the branching ratios of the decays B (s) → D * s0 (2317)P (V ) within pQCD approach by assuming D * s0 (2317) as acs scalar meson. For the CKM favored decays, their branching fractions are larger than 10 −5 , even for the pure annihilation type channels. Our predictions are consistent well with the results given by the light cone sum rules approach. So we consider that these decays can be measured at the running LHCb and the forthcoming SuperKEKB. We may shed light on the nature of the meson D * (2317) − K 0 (K * 0 ) because of owning the larger nonfactorizable annihilation amplitudes. For these pure annihilation type decays, the magnitudes of the nonfactorizable amplitudes are generally larger than those of factorization amplitudes. It is because there exists the destructive interference between the pair of factorization amplitudes in each decay mode. If this type of pure annihilation decay is observed by the future experiments with larger branching fractions than our predictions, it may indicate that some new physics contributes to these decays. 
here n f is the number of the quark flavors and γ E the Euler constant.
